Objective: To evaluate whether there was food and nutrient equality across occupational social classes and geographical region for members of the 1946 British birth cohort at age 4 years. Design: Cross-sectional analysis of selected food groups, energy and nutrients from one-day recall diet records. Setting: England, Scotland and Wales in 1950.
Epidemiologists have long recognised that there are variations in mortality rates and the incidence of disease between different regions of Britain. For example, agestandardised mortality rates for coronary heart disease show a clear rising gradient from Southern England to Scotland. In addition, disease and mortality are strongly related to social class; there is a consistent gradient of increasing mortality ratios from the highest occupational social class (SC I) to the lowest occupational social class (SC V) 1 . There is evidence that very early nutrition, as indicated by birth weight and weight at one year of age, may have an influence on adult health, particularly with respect to cardiovascular disease 2 . The generation of adults now at risk of developing heart disease was born during or just after World War 2 and would have been exposed to shortages and strict rationing of food during the gestational period and early life. They experienced a period of rapidly rising standards as they reached adulthood.
The chief published sources of data to study social and regional differences in diet at that time in Britain are the reports of the National Food Survey Committee in 1949 3 and 1950 4 . These studies collected information on household food consumption and expenditure based on housewives' records of food purchases and changes in larder stocks. This information does not distinguish what individuals consumed. The 1950 national survey 4 included both urban and rural households in England, Scotland and Wales. Comparison between social classes, defined by head of household incomes, showed that disparities in food consumption did exist but there is no information available as to what extent the diets of children were affected. The study of urban households in 1949 3 included an analysis by region, demonstrating different household food-purchasing habits from the South to the North and in Scotland.
The present study forms part of a longitudinal study of the health and development of a national sample of babies born in 1946 5 . Dietary information was collected in 1950, when the children were 4 years old, and these food records have recently been coded and analysed 6 . Currently it is unclear whether diet in early childhood, as distinct from in utero, has an effect on adult disease and mortality. Since food rationing was intended to ensure an equitable distribution of available supplies, it is pertinent to determine whether social and regional inequalities in diet did occur for these children, regardless of the restrictions in food supplies. Such information will form a foundation for investigating the relationship between childhood diet and disease as this cohort reaches middle and older age.
Methods

Subjects and data collection
The subjects were 4700 children living in England, Wales and Scotland who were 4 years old in 1950. They represented 88% of the 5362 children selected for the MRC National Survey of Health and Development (NSHD) (1946 Birth Cohort) as a social class stratified random sample of all of the legitimate, singleton babies born in the week of 3rd to 9th March 1946 5 . The sample contained all births to the wives of non-manual and agricultural workers plus a one in four random sample of those to manual workers.
A wide range of information about health, lifestyle and social background was collected by local Health Visitors at a home visit when the children were 4 years old 7 . The majority of these visits were in June (73%) and July (19%) 1950, most of the rest took place during the 1950/1951 winter. Visits were spread through the week in approximately equal proportions from Monday to Friday (between 17 and 21% of the total each), but only 3% were on a Saturday and less than 1% on a Sunday. One-day recall diet records were obtained by asking the mother or carer 'What did this child have for each meal yesterday?' and referring specifically to 'breakfast', 'dinner', 'tea or high tea' and 'last thing at night'. The one other question which referred to food, asked whether the child had anything to eat between meals but did not ask for any details.
Of the 4700 children whose carer was interviewed, dietary information was obtained from 4599 (98%). Table 1 shows the fathers' occupational social class 8 , and the regional distribution 7 of the children. The small number of children (n ¼ 180) whose fathers were in the armed forces was omitted from all analyses, thus giving a sample size of 4419, comprising 2315 boys and 2104 girls. For a further eight children the region where they lived was not recorded, so they are not included in the analysis by region.
Coding and nutrient analysis
The diet records were coded using the in-house program DIDO 9 , and nutrient analysis performed using the inhouse suite of programs based on McCance & Widdowson's The Composition of Foods data 10 . Details of the dietary coding have been published previously 6 . In particular, appropriate nutritive values from contemporary sources 11 -13 were used for foods specific to 1950. Supplements such as cod liver oil or vitamin drops were not included in the dietary analysis since records were incomplete 6 . Welfare orange juice was coded and analysed when it was recorded in a meal but it is not known if it was given between meals.
As only a few dietary records gave the weight of food consumed, portion sizes suitable for 4-year-olds were allocated using the amounts of rationed foods available 14 (see Appendix) and Ministry of Health 1949 recommendations on feeding young children 15 . Since neither of these two sources separated boys and girls, no distinction could be made in the portion sizes for the two genders in the present analysis.
Nutrient analysis could only be carried out for food and drinks taken at meal times, as there were no details of food eaten between meals. Children of the manual social classes were more often given food to eat between meals (38%) compared with those of the non-manual classes (25%), but there were no significant differences among regions. There were a few gender differences in the consumption of certain foods but no significant (P , 0:01) differences in nutrient intake 6 , so, in the results presented below, the genders have not been separated. There were significant differences in the consumption of several foods on different days of the week, but no significant variation on this basis in energy and nutrient intakes 6 .
Statistical analysis
A binary variable was constructed to indicate whether or not a particular food was encountered at least once on the food record. This is referred to as 'consumption frequency'. Initial exploratory analyses involved calculating crude percentages and odds ratios (ORs) of consumption frequency for six categories of fathers' occupational social class and six geographical regions. Adjusted odds ratios and 95% confidence intervals (95% CIs) of consumption frequency were estimated for fathers' social class (highest social class I as reference category) and region (Scotland as reference category) together, using multiple logistic regression. All odds ratios were also adjusted for the confounding binary variables of gender, season (summer: May-September, winter: October-April), the giving of foods between meals and whether the diet record covered a weekend or a weekday.
Means and 95% confidence intervals for nutrient intakes were calculated for each category of fathers' social class and region in the same model, using the least square means option of the generalised linear models procedure of SAS 16 . Logarithmic transformations of retinol, carotene and vitamin C were performed prior to analysis to normalise distributions. All means were adjusted for confounding variables as described above. Pair-wise comparisons of the mean nutrient intakes were performed for fathers' social class I compared with each of the other social class categories, and for region of residence with Scotland treated as reference category. Bonferroni corrections were used to reduce the effects of inflated type 1 errors due to multiple comparisons.
The same procedure as for nutrients was also used to examine the amounts of food consumed for the three foods that were consumed almost universally (bread, potatoes and milk). Interactions of food consumption frequency between the six regions and fathers' social class (manual/non-manual) were investigated using the generalised linear models procedure of SAS 16 .
Results
Results are presented for food and nutrient intakes obtained from the one-day diet records in 1950. Intakes refer only to food and drinks taken at meal times, as there were no details of food eaten between meals. Table 2 shows the consumption frequency of certain foods and food groups by social class, with the adjusted odds ratios relative to the highest social class (I). The crude odds ratios are not reported, since they did not differ from the adjusted ones. Meat, bacon, cheese, fats, eggs, tea, sugar and sweets were still rationed in 1950 14 ; details are given in the Appendix, Table A1 . Bread, which was not rationed, and milk, which was free or subsidised for the under fives, were consumed almost universally and showed no differences between social classes. Nor were there any significant differences in the consumption frequencies of potatoes, spreading fats or meat. However, there was a very clear trend of decreasing frequency of consumption from the highest social class (SC I) to the lowest (SC V) of vegetables, fruit, orange juice, bacon and cake and biscuits. Frequency of vegetable consumption decreased from 90% in social class I to 78% in social class V (OR ¼ 0:5; 95% CI 0.3, 0.8), consumption of carrots fell from 12% to 2% (OR ¼ 0:2; 95% CI 0.1, 0.4) and fruit consumption fell from 59% to 29% (OR ¼ 0:3; 95% CI 0.2, 0.5). In contrast, consumption of chips increased from 8% in social class I to 16% in social class V (OR ¼ 1:9; 95% CI 1.0, 3.4) and tea consumption rose from 27% to 66% from the highest to the lowest social class (OR ¼ 4:7; 95% CI 3.2, 6.8). The consumption of fish appeared to be very small, but it was strongly influenced by the day of the week for which the diet was recorded. Friday, the traditional day of fish consumption, was underrepresented in the study as relatively few interviews occurred on a Saturday 6 . Although milk and bread were consumed universally, there was a significant difference by social class in the quantities that were consumed: milk, 350 g day 21 in SC I compared with 280-305 g day 21 in the other social classes (P , 0:0001); and bread, 130 g day 21 in SC V compared with 117 g day 21 in SC I (P ¼ 0:014). Table 3 shows consumption frequency of foods by region with the adjusted odds ratios, relative to Scotland. Similar to the social class analysis, the crude and adjusted odds ratios did not differ. The Scottish diet was notably different from that of all other regions, even the North of England. Fruit and vegetables other than potatoes were consumed least frequently in Scotland, 34% and 59% respectively, and most often in London/South East, 55% (OR ¼ 2:2; 95% CI 1.8, 2.8) and 90% (OR ¼ 6:3; 95% CI 4.8, 8.3). Scotland also had the lowest consumption frequency of fried foods, 30%, spreading fats, 76%, and cakes, 52%, whereas the highest consumption of fried foods was in the North of England, 43% (OR ¼ 1:8; 95% CI 1.4, 2.3). The Scottish diet was further characterised by the frequent consumption of soup, 36%, and porridge, 30%, both of which were consumed by very few children from other regions. Children in Wales had the highest consumption of spreading fats, 95% (OR ¼ 5:5; 95% CI 3.1, 10.8). This corresponds with a significantly higher bread intake (130 g day 21 ) in Wales than for children in Scotland, the Midlands and London/South East (, 118 g day 21 ,
Patterns of food consumption
P , 0:018). Children in the Midlands drank the least London/South East (P , 0:015). Interactions between region and fathers' social class for food consumption frequency were significant only for vegetables, chips and soup. However, the numbers in the latter two groups were extremely small. Scotland again stood out as the region showing the greatest disparity in the frequency of vegetable consumption between the manual (53%) and non-manual (70%) social classes (P , 0:001), whereas vegetable consumption was virtually identical between manual and non-manual social classes in Wales, the South West and London/South East. Only 53% of children of the manual workers in Scotland consumed vegetables compared with 78 -90% of their counterparts in all other regions. Table 4 shows the means and 95% confidence intervals for the energy and nutrient intakes of the survey children divided into six social classes. ). It has not been possible to include vitamin intakes from supplements, as this information was not recorded. There were no significant differences between the social classes in the proportions of energy derived from carbohydrate, protein or fat. Table 5 shows the means and 95% confidence intervals for the energy and nutrient intakes of the children according to six geographical regions. Similarly to food intake, Scotland stood out as being significantly different from all other regions by having the lowest mean intakes of energy, carbohydrate and fat. The lower energy intake, Calcium intake was lowest, but not significantly different, in the Midlands/North Midlands where the consumption of milk and bread was lower, and highest in Wales where more bread was eaten. The proportion of energy from protein was significantly higher in Scotland (14.5%) than in all of the other regions (12.2 to 13.1%), and the proportion of energy from carbohydrate was significantly lower in Scotland (45.5%) compared with the North (47.2%). There was no significant difference between regions in the percentage of energy from fat.
Nutrient intakes
Discussion
In this study, significant sociodemographic variations in food and nutrient intake have been shown for the childhood diets of present-day adults. Social and regional dietary characteristics were resilient to the stringencies imposed by post-war food restrictions. These findings are particularly striking when the relatively limited amount of dietary information that was available is taken into consideration. Twenty-four-hour recall relies on memory, which can be prone to reporting error, to which are added errors in estimation of portion size, and social desirability of reporting may also have influenced the respondents' descriptions in different socio-economic groups. However, circumstances prevailing in 1950 may have mitigated these errors. The limited availability of foods would have made the mothers more focused on obtaining sufficient for the family and thus aided awareness during the reporting of their child's diet. Twenty-four-hour recall for large numbers of subjects is considered suitable for characterising group mean intakes although it is not appropriate for individual intakes 17, 18 . Maximising the number of subjects and minimising the number of days is the most efficient way of improving the reliability of the mean for a given number of subject days 18 . Although less reliance can be placed on the calculations of nutrient intake, owing to the assignment of portion sizes, the mean results from the present study were mostly in good agreement with the national study of 78 children aged 4-5 years conducted in 1951 using a seven-day weighed intake 6, 19 . Total energy intake was also plausible in relation to calculated basal metabolic rate 6 . An important aim of food rationing was to reduce inequalities of food distribution and consumption, which were considerable before the war. Studies carried out during the 1930 s by Crawford 20 and Boyd Orr 21 showed considerable disparities between social classes in their intakes of particular foods, and there was concern that 18% 20 to 50% 21 of the study populations had insufficient income to maintain a healthy diet. By 1950, the time of the first full National Food Survey 4 , and when some foods were still rationed, the inequalities of food distribution had decreased. Crawford had found that expenditure on food by the lowest income group was only one-third that of the highest but by 1950 the lowest-income group was spending three-quarters of that spent by the highest 4 . The levelling of expenditure was most marked with rationed foods such as eggs, butter and fresh meat.
None of the surveys discussed above make any reference to the food intake of children. However, results from the present study in children indicate that the inequalities described in the pre-war studies were only partly eradicated. These data are broadly in agreement with those of the National Food Survey of 1950 4 , in that there was a small downwards trend in the intakes of energy and macronutrients according to social class but a more pronounced difference in the intakes of vitamins and minerals. Milk was heavily subsidised or free for the under fives yet there was still a significant difference between social classes in the quantity of milk drunk by the present study children and, as a result, there was a significant difference in calcium intake. The patterns of fruit and vegetable intake also reflect both the pre-war findings of Crawford 20 and those of the 1950 National Food Survey 4 , both of which showed greater expenditure by the highest compared with the lowest social classes, although the disparity was less by 1950. Since the total vegetable consumption by the present study children showed a significant downwards gradation from social class I to social class V, carotene and vitamin C also followed a similar trend. Social factors, such as a lack of kitchen facilities 3, 7 , could have been responsible for the greater consumption of chips by the children of manual workers. Although the analysis was adjusted for season, it must be remembered that the results are from a predominantly summer survey and they might have been slightly different if more of the records had dated from the winter months. The present results show that rationing did achieve a more equitable distribution of foods such as meat and fats. However, other rationed foods still showed marked social gradients. Bacon was more popular in the non-manual social classes, while tea showed the opposite trend. Welfare orange juice appeared to be consumed more by the non-manual social classes, although it is possible that this was under-recorded through not having details of items given to the children between meals. Cakes and biscuits were also consumed more frequently at meals by the non-manual than the manual social classes, but they could also have been consumed between meals and so have been under-recorded. Their availability would have been dependent on the rations for eggs, sugar and fats, and these ingredients may have been used in different ways between the social classes. Bread and potatoes, which were not rationed, were almost universally consumed. In contrast, fruit and vegetables, which were also not rationed, showed considerable disparities between social classes. These disparities may have been due to the cost of non-rationed foods. As post-war food prices were rising a reduction in the consumption of expensive foods such as fruit and vegetables would act as a check on increasing food budgets 4 . It is also likely that there was a better response by the more educated classes to the health messages from the Ministry of Food 22 . In particular, the uptake of welfare orange juice nationally was higher in the non-manual classes 23 . Significant differences were shown to exist in the present study between the diets of children who were living in different regions. These might have been due to local habits and traditions, food distribution and seasonality of supply. The frequent consumption of soup and porridge, the preference for stews over fried food and the avoidance of bacon indicated that, despite food rationing, the diet in Scotland retained its national characteristics 24 -26 . Oatmeal porridge, milk and a broth containing some meat and vegetables appears to have been the mainstay of the Scottish diet for several centuries. Poor distribution of the wide range of summer fruits and vegetables available in the South of England in 1950 may have contributed to the overall lower consumption of these foods in Scotland compared with elsewhere. However, even the North of England was significantly different from Scotland, which was also shown in the survey of urban diets in 1949 3 . Apart from onions and root vegetables, the staple ingredients of soups and stews, the only vegetable characteristic of Scotland was kale 27 . This winter vegetable was not encountered in the present study, which was carried out predominantly during the summer. It would appear that the situation in 1950 was not necessarily due just to problems of distribution and short supply since the low consumption of fruits and vegetables is of continuing concern in Scotland, both with regard to children 28 and adults 29 . As such, both economics and characteristics of the national diet are likely to have been important.
The nutritional consequence of a diet lower in fruit and vegetables, as eaten by the children in Scotland, and particularly those of lower socio-economic status, was a reduced intake of the antioxidant nutrients. These children may have been at greater risk of childhood illness as well as having potentially less protection against degenerative disease in later life. The most socially deprived regions of Scotland have the highest mortality from coronary heart disease in Britain, and evidence from the Scottish Heart Health Study 29, 30 suggested that lack of fruit and vegetables in the diet may possibly play a role in addition to the classical risk factors for cardiovascular disease. In agreement with this was a study of elderly Swedish men who had been followed for 26 years 31 , since daily fruit consumption seemed to have a positive effect on longterm survival independently of traditional risk factors such as smoking, high blood pressure and plasma cholesterol.
Saturated fat is considered a strong risk factor for cardiovascular disease and tends to correlate well with total fat intake. However, in the present study, childhood intake of fat, as a percentage of total energy, was not related to the sociodemographics of heart disease risk, whilst, theoretically, consumption of oatmeal porridge could contribute to lower cholesterol levels 32 . Poor diet in childhood may have long-term health risks, as suggested by the evidence that cholesterol levels and initial lesions of arteriosclerosis may be established in childhood 33 -35 and by the long-term effects of pulmonary disease in early life 36, 37 , the risk of which is probably reduced by adequate antioxidant intake 38, 39 . If dietary habits track with age, there will be a continuing health risk of long-term low antioxidant intake that is likely to contribute to risk of degenerative disease. Evidence that dietary habits do persist is demonstrated by the retention of some of the characteristic social and regional differences by the present study children into early adulthood 40 .
In this age group, social and regional dietary characteristics were resilient to the stringencies imposed by wartime food restrictions. In a comparison of these children's diet in 1950 with that of children in 1992/3, the diet in the earlier born cohort was arguably better in some important respects 6 . Comparable studies of dietary inequality in childhood in later born cohorts, as well as the continued follow-up of this cohort into older age, will further address the importance of interactions between nutrition and sociodemographic factors in disease and functional change with age.
